OBJECTIVE To investigate the correlation between serum homocysteine (Hcy) and cognitive impairment (CI) in patients with Parkinson's disease (PD).
Introduction
Parkinson's disease (PD) is a common degenerative disease of the nervous system. It is common in the elderly [1, 2] . The average age of onset is about 60 years old, and it is rare in young people under 40 years. The prevalence of PD among people over 65 years old in China is about 1.7% [3] . Most patients with PD are sporadic cases, and fewer than 10% of them have family history [4] . The main pathological change of PD is the degeneration of dopamine (DA) neurons in the substantia nigra of the midbrain, which results in a significant decrease in DA content in the striatum [5, 6] . The exact cause of this pathological change is still unclear. Genetic and environmental factors, as well as aging, may be involved in the process of PD [7] .
Cognitive impairment (CI) is one of the most common and disabling non-motor symptoms of PD [8] . The incidence of mild cognitive dysfunction can reach 20%-40% in newly diagnosed PD patients. After 3-5 years of follow-up, 80% of PD mild CI patients will develop Parkinson's dementia [9] . Studies have shown that 22% of PD mild CI patients can recover to normal, indicating that the pathological process of PD cognitive impairment was reversible [10] . Therefore, it is important to identify biomarkers for CI of Parkinson's patients in the early stage.
Homocysteine (Hcy) is toxic to neurons and vascular endothelial cells, and known as an independent risk factor for dementia and cardiovascular disease [11] . However, the correlation between serum level of Hcy and CI in patients with PD remained unclear.
Material and methods

Patients recruitment
Eighty-one hospitalized PD patients were prospectively recruited in this study from Feb 2015 to Jan 2018 in Gansu Provincial Hospital. Of the subjects, 41 were diagnosed of mild cognitive impairment (PD-CI) and the other 40 cases were not (PDN). All the patients received levodopa (LED) for treatment. The project was approved by the Medical Ethics Committee of Gansu Provincial Hospital. The subject inclusion criteria were: (1) age ranges from 40 to 80; (2) the PD diagnosis was performed by two neurologists according to United Kingdom PD Society Brain Bank and Gelb's criteria [12, 13] ; (3) written informed consent was obtained. The exclusion criteria were: (1) Alzheimer's disease and etc. which can cause cognitive impairment;
(2) Secondary PD caused by trauma, cerebrovascular, drug and other inducements; (3) Relevant disease such as malnutrition, thyroid insufficiency, gout, malignant tumors, etc., which can cause abnormal folic acid metabolism; (4) Renal dysfunction subjects.
Informed consent: Informed consent has been obtained from all individuals included in this study Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the Medical Ethics Committee of Gansu Provincial Hospital.
Clinical characteristic and demographic features collection
Two experienced neurophysicians collected the detailed demographic data (age, gender, diabetes, education level, etc.), course of disease and treatment methods. The data were cross-checked in order to ensure accuracy.
MoCA-score and UPDRS III-score measure measurement
All subjects were assessed by two neurologists trained in professional scales under quiet conditions. MoCA and UPDRSIII were used to evaluate the cognitive function of all subjects. The evaluation was carried out according to the instructions and steps of the scale. MoCA is a screening instrument composed of eight sections including visuospatial/executive, naming, memory, attention, language, abstraction, delayed recall, and orientation with a total score of 30. UPDRS is mainly for motor function examination, the total score is 108 which indicates the higher the score, the more serious the motor function injury is.
Serum Hcy, folate, VitB12 detection
Five ml of fasting venous blood was collected from all subjects in the morning and processed within 30 min. The fresh serum was collected at room temperature of 3000 ×g and centrifuged for 5 min. The fresh serum was stored at -80℃. The serum Hcy, folate and VitB12 were examined by high-performance liquid chromatography (HPLC) and enzyme-linked immunosorbent assay (ELISA). All the examination procedure was done according to the instructions for kit operation.
Statistical analysis
All the data were analyzed by SPSS 18.0 statistical software package (IBM, Armonk, NY, USA). Serum Hcy, folate, VitB12, etc. were expressed as mean ± standard deviation. The comparison between PD-CI and PDN groups was done by student-t test. Chi-square test was used for comparison of categorical data. Significance of serum Hcy, folate as a biomarker in the diagnosis of cognitive impairment was analyzed by receiver operating characteristic (ROC) curve with diagnostic sensitivity and specificity. Two-tailed p<0.05 was considered statistically significant.
Results
General characteristic of the two groups
The general clinical characteristic and demographic features of the included PD-CI and PDN groups were shown in Table 1 . There were significant statistical difference in the aspects of education level (p=0.02), MoCA score (p<0.001), UPDRSIII score (p<0.0001) and levodopa (LED) dosage (p=0.004).
Logistic regression analysis of independent factors for PD-CI
The factors with statistical difference between PD-CI and PDN were further analyzed by logistic regression test to identify the independent factors for PD-CI. The results demonstrated that the MoCA and UPDRSIII score were independent factors for PD-CI (p<0.05).
Serum Hcy, folate, VitB12
The serum concentrations of Hcy, folate, VitB12 in both groups are given in Table 2 . The serum level of Hcy in PD-CI group was significantly higher than that of PDN group (p<0.05), but serum folate was significantly lower than PDN group (p<0.05), Figure 1 .
Diagnostic performance of serum
The diagnostic sensitivity, specificity and AUC are shown in Table 3 . 
Discussion
In our present work, we included 81cases of PD and discussed the correlation of serum Hcy and folate concentration l with CI in PD patients. The results indicated that serum Hcy and folate were different in PD-CI and PDN patients which may play an essential role in cognitive impairment development in patients with PD and can be used as promising serological diagnostic marker. However, we also found that the LED dosage between PD-CI and PDN group were also statistical different, this may be a potential mixed risk factor for PD-CI. As known that cognitively impaired in patients of PD were significantly impaired in their motoric functioning (UPDRS III). In our work, the UPDRS III score of PD-CI group was significantly higher than of the PDN group. Parkinson's disease (PD) is a common neurodegenerative disease, and its main pathological change is substantia nigra dopamine [14, 15] . The degeneration and necrosis of dopamine (DA) neurons and the formation of misfolded alpha-synuclein protein are clinically manifested as typical motor symptoms such as retardation of movement, quiescent tremor, myotonia and postural gait disorder and non-motor symptoms (NMS) accompanied by cognitive impairment (CI), olfactory impairment, sensory impairment etc. [16] [17] [18] . Publications have shown that NMS throughout the whole process of disease progression in PD patients [19] . Independent clinical manifestations other than motor symptoms had their pathological basis [20, 21] . It is not a complication of motor symptoms itself, but usually affects the daily life of the patients. Especially in the early stage of disease, compared with motor symptoms, NMS has a greater and more serious impact on the quality of life of patients with PD, and cognitive impairment is a common NMS in patients with PD. However, the accurate mechanism of cognitive impairment in PD is not completely clear. Most of the studies believed that the main mechanism of cognitive impairment of PD patients is oxidative stress injury [22] .
VitB12 is the only metal-containing vitamin, which is an important coenzyme for nucleotide synthesis in cells. VitB participates in deoxynucleic acid synthesis, fat, In this study, we found no significant difference in VitB12 between PD group and the control group. The reason may be related to the increase of oxidative stress in PD patients. However, oxidative stress could increase the demand of VitB. Immune system activation is a major cause of oxidative stress when a high amount of antimicrobial reactive oxygen species are released [23] . Increased formation of neopterin and enhanced degradation of tryptophan suggest activated cell-mediated immune response in patients with advanced Parkinson's disease [24] . Hcy is a derivative produced by demethylation of thiomethine which metabolized mainly through two pathways: methylation and transsulfuration. It has been reported that elevated plasma Hcy was associated with neurodegenerative diseases, such as cognitive impairment of PD patients, Alzheimer's disease and vascular dementia [25] . Zoccolella et al. [26] found that the level of Hcy in CI group was higher than that in normal group, and the decrease of cognitive function was closely related to the level of Hcy. Louis et al. [27] further confirmed that the development of MCI in PD patients was significantly correlated with the level of Hcy. In conclusion, significant differences of serum Hcy and folate were found between PD-CI and PDN patients. The serum level of Hcy and folate can be used as serological biomarker for predicting cognitively impairment in patients with PD.
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